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GEOLOGICAL RECONNAISSAﬁCE,ALONG THE
AIASKA HIGHWAY FROM FORT NELSON, =
BRITISH COLUMBIA, TO WATSON IAKE, YURON - "~

INTRODUCTION

Field Work and.Acknowledgments

The field season began on June 1 and closed on September 25. -
Of this period, June 17 to September 17 was spent in the field of in-
vestlggtlon, the remainder of the time being occupied with preparatlons ‘
in Edmonton and in travelling. Long delays occurred during periods
when sections of road were closed to traffic.

The writer was ably assisted in the field by John L., DeLeen
of Vancouver and F. 0. Norman of Winnipeg. A. L. Rand, zoologlst of -
the National Museum, Ottawa, was attached to the wrlter's party from - -
July 19 until the end of the season. His report on the zoology along -

e

sl

1 Rand, A.L.: The Southern Half of the Alaska Highway and its Mammals, o
Net. Mus. of Canada, Bull. No. 98. L

the route travelled has been published.

The writer wishes to express warm appreciation for the cordial
assistance rendered by the United States military and civil euthorities,
and by the various American end Canadian construction companies operating
along the road. The R, Melv1lle Smith Construction Company took efficient
charge of the party's s mail in both collection and delivery. The Dufferin
Construction and Paving Campeny supplied shelter, board,. and eguipment.
during and after the flood of July 10 when supplies and tents were lost..
The following construction companies 2lso assisted ‘in various ways: Emil
Anderson, Storm's, Jupp's, Harvey's, Campbell, Bond, McNamera, Curran,
and Briggs. It wes only through such kind assistance that the work wes-
carried on. ) " : e

Previous Geblogica11Wka ‘

Reportsz by Ge Mo Dawson and R. G. McConnell, based upon their

2 A bibliography of references is given at the end of this report.

l

hlstorlc trip of 1887, describe the general geOIOgy along Dease River,
and down Liard Velley from Watson Iake. In 1922 the writer mede a
reconnaissance from Fort St. John northward to Sikenni Chief River at'
"Whipsew Camp" (established in the winter of 1921-22 near the mouth of
Buckinghorse River) and down the Sikanni and Fort Nelson to Liard River.
His report and those by Dewson and McConnell are the only ones dealing
directly with the geology of the region. Their conclusions as embodied
in this report are duly aoknowledged e :

e

Farming, Renching, and Gardening

. Conditions are favourable near the Liard hot springs for garden-
ing, berry raising, and small farming. Liard Valley all the way upstream
to Watson Lake includes considerable areas of promising land for these

purposes. Most of the land is light and sandy, but precipitetion appears
to be adequate for fair growth. . Winters are reported to.be severe and
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the gardens ot Lower Post were not very promising.

At the Fort Nelsen-snd-6f the road,. good gardens.have. been
raised near the Post for meny years, and extensive areas of agricultural
land occur in the vicinity. By proper land seleotion and draimage,
small ferming mey be carried on locally as far west as mile 50, but
through the high foothills and mountains soil and climatic conditions
are rarely suitable for gardening or farming. Near the junction of
MecDonald Creek and Recing River, and agein along Trout River below
Muncho Iake, horses have been wintered for many years, probably since
the gold rush of 1898. Small, gardens might be developed in these
localities. . . . ,

Several areas of good land at mile 213, near the Mot springs,’
Liard River, were worked as & garden by Tom Smith and others, and con~'
siderable hay was cut off the neglected area in 1943. The region of the
hot sprlngs has been c&lled the TrOplO&l Valley by feature newspaper

.........

might be used in truth. The forest growth of white spruce, black poplér, °
R

birch, and white poplar is especially heavy at this point, bub is
attributable to.low altitude (about 1,300 feet), good soil,.and suiteble
rainfall rather than to the temperature of the springs. There is some
very local reaction on the part of plant life to the mineral content ‘of
the spring water.

Forests . L o

Sevmills heve been operated at various placés'aldng"theﬁﬂighway,

to supply Limber for buildings and culverts: At mile 10, white spruce.c..: ru*

we.s cut that averaged 14 inches on the stump. This timber is about
typical of  that east of the mountains. In Liard Valley, .spruce and .-
black popler grow .to .2 feet at the base, with heights -of 100 feet or:
more. Thers are stands .of fairssized white birch and wome ‘smell larch
in the low:.landsand some fair .jack pine on the gravelly plains and
ridges, especinlly west of Smith River. The buildings of -the Smith
Valley Air Port are constructed of jack pine squared on three .sides.
Firewood .is available everywhere. So far loss of forests by fire has .
been moderate, but the risk remains to be faced during dry periods.

) Scenery, Fur, Fish, and Game

The route from Fort Nelson t6 Watson Lake traverses a land . .,
made alluring by fur trader, gold seeker, and a very few hardy ex-
plorers. In 1887 Dawson and McConnell entered Liard Valley by Dease
River, Dawson ‘going north to Watson Iake and into the Yukon, and L
McConnell surveying Liard River.to the Meckenzie. Meny. Yukomers made
their way to the Klondike along this route and their old trail has
remained in use ever since, and for the most part has controlled the
route of the Highway.

MaJor G. B. Hart of Willisms Lake spent some 3 years in this
region, mapplng much of 1t 51ngle handed, for the prcvince of Brltlsh )
Columbia .,

Tom Smith and his young deughter Jane mide a GmeortaBieﬁﬁﬁhe‘

for themselves at the hot springs on Liard River, and from there set out

on their ill-fated voyage, rafting the Lisrd témwdrd Fort Liard. Devils
Canyon cleimed Tom's life and Jane wes rescued from an island, where she
had made 1and by the” ald of Indlans.. Trappers have carrled on thelr .
hardy calllng in the mountaln valleys, teking 6 weeks by pack train to"
transport thelr furs from Lierd River to Fort St. John. )

The airplane changed all this, and pre-way Iandlﬁg'fields es-
teblished at Fort Nelson and Watson Leke superseded the lendings for
hydroplanes on nearby waters. The Highway hos provided an easy supply
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route for the landing fields. ‘The Yukon Trail has been converted into
a trunk road to Aloskn, L

Summit Pass, with its two emerald green lakelets, is & miniature
of Jasper. The mile of rock cut on its western side provides a mag-
nificent view of the upper valley of MacDonald Creek. Charlie MacDonald
himself, the patriarch of the Grand lake Indians, may be met in these
parts as one of his ca.b:ms is not far away. .

Toad River gorge provides fine mountoin scenery, and Muncho
Iake-is as ploturesque & body of mountain water as could be desired. The
4 miles of rock cut along its eastern side provides 2 winding drive of
great beauty, the emerald lake water and. the red conglomerate of the west
shore forming & ndtural hermony. - The descent along Trout River is an .
enticirig valley drive and the suspension bridge crossing the Liard. fur-
nishes superb views up and down this mighty waterwo.y, which forms the -
northern boundary of the Rocky Mounteins.

Westward the beautiful wooded valley of the Liard is followed
by 2 broad road with gentle horizontal and vertical curves, past Smith,
Coal, and Hyland Rivers to Lower Post, where Sylvester's old cobin may
still be seen. Northward the road passes into the Yukon along a canyon '
in Liard River, and & short distance beyond a sign-board at the road
forks points north to Watson Lake and westward to Whitehorse and Fair-
banks. . o

The Alaske Highway ho.s fulfllled the dream oi‘ generat:.ons, an
easy overland route to northwestern Americe and eventually +06 north- .
eas’cern Asia.

"Northern British Columbis, and especielly the Cassiar region,
hes been looked upon as a hunter's paradise. It happens that the route
followed by the Alaskn road is not especially rich in geme, but the
famous Tuchodi Iake is only some 40 miles south of the Highway at the
Summit and other good geme arees are to be found at the headwaters of
Toad River and ‘elsewhere. .

Black b'ear are’ common and visit most garbage dumps in some
numbers. Grigzly bear were seen south of Muncho Iake, Moose and cariboo
were scarce and few signs were observed.’ Mule deer occur as far north
as Liard River. A%t least one flock of Stone Mountain sheep: pasture in -
the viocinity of Muncho I.ake. Wolf +tracks are common on: all trails..

The most northerly herd of wapiti (elk) is resident in the
vicinity of Tuchodi. Lakes Yo

The streams and rivers of the area have some grayling and
whitefish in them, and Muncho lake is reported to have trout up to 40
pounds weight in its cold deep waters. In general fish are not very -
plentiful. ~ o ' '

The noisé of road building, including roar of machinery and
‘blasting, has obviously driven wild life back from the Highway. With
the quieter conditions of post construction deys, wild animals will
doubtless return, especially if protected by & series of reserves or’
parks. The black bears have certainly responded to protective ’creai'n
ment, and have become as interdsting as at Banff or Jasper. - v

! .
o .
N i

GENERAL GEOLOGY AND PHYSIOGRAPHY
Bétweeri Fort Nelson and Watson Iake the Alas'kB«Highwa‘y lies

almost entirely within northern British Columbie (See map) and -traverses
five physiogrephio provinces, each the expression of special stretigraphic



~de

or structural features. From cast to west these provinces are as
follows: ’

(1) An enstern or plains province extending westerly from Fort
Nelson for about 57 miles, and underlain by nearly flat-lying, soft,
sandy sholes of Lower Cretaceous age.

(2) The Foothills belt, about 50 miles wide, consisting of a
deeply dissected Tertiary.peneplain; the foothills are undorlain by
little disturbed Cretaceous sheles and sandstones in the east, and
by faulted and folded Mesozoic and Palacozoic formations in the wost.

(3) The Rocky Mountain scction, as traversed diegonnlly by the
Highwoy, is about 110 miles long and extends to Liard River. The
mounteins of this belt rarely reach 8,000 feet épove sea=-lovel, but
are similar to the more southerly Rocky Mountains in structure and
rock components. The geologicol soction comprises thiock formations
of Precombrien and Palaeozoic age.

(4) Westerly for 20 miles, slong the north side of Liard River,
the Highway crossos truncated ridges extending northword from the
Rocky Mountains. These arce separated by extonsive valleys. This
physiographic province terminates approximately at Smith River.

(5) The last province traversed extends from Smith River for
120 miles to Wetson Lake in Yukon, and is & rolling plateau deeply
covered with sand and gravel, and varied by low, rounded hills and
deep stream valleys.

The lost two provinces mentioned are underlein by Palaeozoic
rocks that here and there form the foundation for Tertiery lake and
swoamp, clay and lignite deposits.

-

The Bastern Plains

For aebout 57 miles west from Fort Nelson the Alaske Highwey
traverses a gently undulating plein, below which Muskwo River and its
tributeries have carved valleys 200 to 400 feet deep. The ploin varies
in elevation from fbout 1,800 feet in the west to about 1,500 feet in
the east. The Kledo branch of the Muskwe has & wide,.flaring valley,
whereas Muskwa Valley itself is deep with steep sides. Near its mouth
the river is nearly 400 feet below the adjoining upland. Fort Nelson
River Valley at this locality is broad and well graded.

Rock outerops are few in the plains section. Along the small
stream that crosses the Highway through the R. Melville Smith Con-
struction Camp at mile 8l, dark sandy shales outerop for 200 to 300

1 Mileages, unless otherwise mentioned, are measured west from zero,
the junction of the Highway from the south with the east-west road
from Muskwe and the Fort Nelson Air Port, 7 miles west of Fort Nelson.'

feet to the flat top of & small hill. These shales are flat-lying and
contain small concretions. A well wes drilled for water just east of
the creck, to & depth (when visited) of 208 feet, and black shale con-
tinued to that depth. No water wes found, and porous, sandy members
were not encountered. Nineteen miles farther west, at mile 27, black
shale is exposed in a road cut. At mile 50 nearly flat-lying black
shale is exposed in the eastorn flanks of the hills along the western
side of Kledo River Valley. These are described under the Foothills
province. To the south of mile 39, 2 large shale bank may be seen
flanking Muskwa River. Available evidence indicates that the eastern
plains are underlain by nearly flat-lying sandy shales or ‘sholy sand-
stones of Lower Cretaceous age. An exoemination of the valley of Muskwa
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River will shed further l:Lght on the ge010giou1 sectlon.
Lon G

- The superflcial dep0s1ts of the eastern ‘pleins -&re sand and
”"shallow muskeg. For .57 miles west of Fort Nelson gravel is lacking,
and so.nd and silt are do:ninan‘b except where overlain by shillow muskeg
swamps . The peat and muskeg conditions are not deep, however, and
exist only because of the' flat noture of the uplands and the long
seasonnl‘ periods during which frost prévails in the ground.

oo

, - The Foothills Belt -

WAl

-’

On the west side of the valley of Kledo River, near mile 50, '
the Alaskn Highway enters the Foothills belt; which extends westerly
to the front of 'bhe Rocky Mounmlns at mile 101. .

Westward fro:n mile 50 ‘the Highway: rlses between nearly flat-
lying sendstone and shale hills. Beyond mile 52 -the dip is westerly, .
but the direction is reversed near mile 60, (old road) in & number of -
prcxninen’c flat-topped hills. Of these, Steamboa'b Moun‘bain, with its
overhanging cliff on ‘the east side, is most. praminenf.- Its plateau
summit has an elevation of about 4,800 feet, and is & remnant of a ‘
former land surface. Other similar remnants are preserved in Table
Mountein to the north, Teepee Mouritain to’ the east, and hills to the
southeast, as for instance ot mile 8, end be'bween the valleys of Muskwa
and Pr0phe‘b Rivers. - . s : el

The renge of hills represent.ed by Steamboat a.nd Table Mountains '
borders the eastern side of the wide end extensive valley of Mill Creek, '
which crosses the’ Highwey near mile 67. To the westward the Highway
crosses sand and shallow muskeg and approaches Tetsa River at mile 85,
At mile 77 slumping sandstone is exposed in +the road. out. N

At mile 85% black, coaly shale is exposed in“the road cut and

‘o fault separa'bes shale segments that dip. respeotively 66 degrees east

by north and 77 degrees west by sou'bh. - Near mile 86, fla'b-lying beds
contain Cardium, and near mile 863 hard siltstone dips:35 degrees to
the west. Near mile 87 dark shale dips to the south by east at 23 ’
degrees, and at mile 873 hard, coarse sandstone dips easterly et 60 = '~
degrees. This marks the eastern flank of.a prominent’ anticline with

its western flank near mile 89. The axis is only slightly west of nile
88 and its strike is approximately south 30 degrees.east. The anticline
is clearly defined south of Tetse. River in the form of & hOgs’bo.ok ridga,
oonveriently -sectionéd at intervals by erosion chamnels. Om the west
flenk vertical beds occur, and the geology both on' the east and west "
flanks suggests crumpling and faulting. The rocks exposed on the anticline
are of ‘l‘riassio age. C el e e

. "'Near mile 893 sandstone beds con’oain Ostrea and black orumpled '
shale outerops to the soubth of the ,forks of Te’E River. :

At mile 91, vertical quartzite and .limestone. are exposed in a
road cut, the latter con'bainlng; & rich.Productus fauna. " The outerops = = -
mark the southern end of & yhnge of hills That ¢ include, ‘between mile 01 -
and mile 92, ®andstotie’ ‘and limestone beds of Miss:!.ssippiah and (7) later
ege overlain by a Séries of black chert beds thit are. probably of Penn-
sylvenian or Permian age. This belt of Upper Palaeozoic formations strikes
epproximately south 30 degrees east. It is evidently.s block thrust up
from .the west over and aga.lnst the Triassic beds to the east., On its
western .side this block is faulted and its bedding plames are disturbed
and quite unrelated to the structure of the overlying Triass:.c beds. -

Hills to the north of. mile 93 énd mile 94 are orowned by black
limestones and limy sandstones of upper Middle Triassic age. The beds
have dominant westerly dips ve.rylng from 30 to 68 degrees. They reprasent
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the east limb of a syncline the west limb of which may be seen north of
mile posts 97 and’ 98, where Triossic shales and dark sandy limestones.dip
easterly:at angles of from 13 to 48 degree,s. The structure is locally
confused by crushing, ‘a5 indicated by vertical and reversed. dlps.

The~ belt of low rounded hills betwoen the Trmssm ou’ccrops at
mile 98 and -the front of the Rocky Mountains near mile 101 is underlain
by black shole, with o general northeasterly dip of 40 to 50 degrees.
Crumpl:.ng occurs loecally, accompanied by reversed dips. The shale is
soft in general, but contains some hard chert and quartzose beds. No
fossils hove been found at this locality, but the shale is probably -
lower division of the Triessic sedimentary succession.

The Rocky Moun-ba ins.

. The front of the Rock'y Mountains is sharply defined about one-

third mile east of mile post 10l. Here, on the.upper waters of Tetsa
“River, grey limestone is faultod ageinst black shale of the Triassic
belt. just described. - 'The fault strikes west 25 degrecs north end dips

75 degrees southwest. The adjoining limestone exhibits 6 sharply over- .
turned ontielinal structure that is evidently a part of the ma jor an-
ticline that forms the front of the Rocky Mountmins for meny miles north
and south of the Highwoy. To the north, the axis direction is about 19
degrees west of north, and to the south 23 degrees east of south. As
seen from mountain peaks the line between the limestonse mountains and the
shple foothills is straight-and cleorly defined for miles o the north-
west and southeast. The major overthrust of the mounteins has defined -
the mountain front, but o subsidiery faulted anticline trends obliquely
to the strike of the main folding and so extends out. 1n‘bo the Foothills,
where it may be “traced for several miles to the southeast.

. . - The fromt range of the Rocky Mountains extends westward for 9
miles (to mile 110)-as traverséd by the Highwey. The summit lies- be=
tween two summit lakes at-an elevation of about 4,100 feet above sea~
loevel. The slope on the ‘Highway to the east is gentlo, but the switch
beck between miles 106 and 107, on the west slope, is so steep that 2
cut 1 mile long hes been made in the moun'bain side. between ma.les 105.5
end 106.5 to gi.ve a be‘t‘cer grede. :

The grey 1n.mestone mountains of the pass are similar in
appearance to those at Jasper, but the valley itself is much parrower.
Peaks to the north and south rise to heights of about 7,000 feet. A
moin peak to the north is mamed "St. Paul" on the map and its compenion -
~on the south "St. George". Other peaks are nameless. About 15 to 20
miles south by east from the Highway, & group of peaks rises to con-
spicuous heights, and one of the mounteins supports & hanging glacier.
This is the highest group seon in the front range, some of the peaks
probably rising to 9,000 feet above sea-level.

Along the pass the peaks have rounded crests and are joined
by long, gentle ridges. A peak south of mile 105 has conspicuous
cirques on its west and north sides, and a terminal moraine occurs where
the west facing glacier joined the 1ce -stream feedlng north into
MacDoneld Creek Valley.

Pronounced terraces of glacial +ill flank the sides of the pass--
to an elevation of about 700 feet above Summit Iake. These terraces may
be traced for some miles to the east along Tetsa River and for some: 20
miles to the northwest down MacDonald Creek. Worth of Summit Iake, local
erosion has left well-developed "hoodoos" of till standing on the mountain
side. Similar terraces occur &long Muncho Iake and up & side valley
hoodoos are present, and others’ ara being: formed. -
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In the bottom of MocDonnld Croek and in the westerly facing
cirque mentioned above, quartzite and slate rock of grey to reddish > -
colour forms the:basel formotion upon which the limestone mountains v~
rest. These metomorphic rocks dip at high angles, and on their bevelled
edges, and at wvarious elevations, rest grey limestones of coral reef
origin. The corals are Middle Silurian in age, Holysites catenulatus
being most easily determined among the silicified forms. Upwards from.
this unoonformable base, rise 2,000 to 3,000 feet of light grey lime=
stone with at least one massive member of hard grey sandstone mearly 70°
feet thick. The upper limestone members appear in general to be un- '
fossiliferous. On the western side of the front range, however, near -
mile 109, black shale overlies grey coral reef limestone as seen in the
falls of & mountzin stream. Corals and a trilobite pygidie represent &

‘Middle Devonien age for these beds. No boundary hes been found between:

the Silurian and Devonian members of th:.s lmestone ser:.es.

. '

Overlying the Middle Devohian 1imestones of the Rocky Maun“bain .
belt are fissile black shnles. At the contact near mile 109 mentioned
above, these shales are rusty weathering and are full of Tentaoulites
spiculus Hall (7)., Two feet above the contact & poorly preseved )
Heristelle ?.was found.’ Thus the lower:beds of the black shale formp.-
Tion mBy be: Upper Devonian, poss1bly Chemung, in age.

Farther o the northwes‘e down the valley of MacDomld Creek,
the: bordering hills are low and fooded and rock formetions consist of
bleck shale, argillite, black chez"fl:', and dark-coloured sandstone. These
soft weathering rocks are dominant-to the junction with Recing River/and
overlie limestone westward up Toad Valley as far &s mile 143. .. In general
these shales are unfossiliferous, but in the hills to the emst of mile -
116 poorly preserved fossils probably represent Mickelinia, and the.
following genera.ere recggnized: Productells, ‘MarTinia, K’c'hyris y &nd-
Buamphelus. The géneéral Impression conveyed is that of a Mississippian
Bge, end tho shales strongly resemble the Banff shales of the Rocky
Mounteins farther south. As already described, the shales weather
ee.sily and are eroded into rounded hills and velleys. They will be’
referred o again as occurr:l.ng along Trout and L:.a.rd Rivers. -
'i' ‘ . . . L’ v
Moun'bams formed of S:Llurz.an -and ‘Devonian limestones appear :

here and there from Racing River westward, rising through their over- -~
~burden :of dark: Devono-Mississippian: shales. .From mile 143 westward up

the narrow valley of Toad River, such limestone.pesks are dmni.nan't;.
Between miles 152 :and-158; however, older quertzites and slates show

_here and there in the flanks of the mountains, and form the peaks south

of Toad River from mile 154 to 159. Along the Toad these metamorphic

formations are steeply folded and are cut by irregular basic intrusions

‘and a series of vertical dykes averaging about 50 feet in thickness. An
--unconf'ormable relationship with: overlying Middle Silurian coralline lime-

stone is clearly seen in the valley wall., The metamorphie rocks are -
presumed to be of Iate Precambrisn, Proterozoic ege. The mountains south
of the Toad, and those flank:.ng its upper valley, are high and of for-
midable aspect. )

. A‘b mile 159, the Higlmway turns nearly due north and follows &
large velley occupied in the south by the upper waters and lake ex-
pansions of Toad River and to the north by & small stream flowing into
Muncho Iake. - Northward, Muncho Leke exbends .for some 10 miles and is
dreined by Trout River through a continuation of the  same mature valley,
which takes a northwest by north course:to join the trunk, east-west '
valley of Liard River. The northerly trending wvalley, thus delineated,
is practically on the preveiling strike -of the mountain structure. The
Highway follows it for 50 miles, and, as previously stated, the valley
extends for an-undetermined distance southward to the headwaters of Toad-
River. It is quite apparent that the valley of. Toad River Por 30 miles
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above its junction with Rocing River represents & relatively recent .
diversion of the stream from its earlier course northward through the
Muncho Iake~Trout River system.

Along Muncho Lake=Trout River Valley the mountains to the east
rise os limestone peaks of considerable height. One of, the most prom=-
inent, not shown on the mep, 1ies 3 miles east of nilébs and renches
an elevation of about 7,600 feet. In the valley walls end in smoll -
tributary streams the underlying Cambrisn (?) quartzites and scndstones
are exposed at various places. Along the western side of Muncho Iake .
the general formational dip is to the southeast and formetions underlying
Middle Silurian coral reef formotions are exposed about 3 miles north of
the head of the lake. The upper beds are sandstone, but beneath these is
a thick red conglomerate thot extends northwerd beyond Muncho Inke to
mile 1975, Within the ares of the conglomerate formation are several
high mountains not yet investigated, ineluding onc marked on the map as
8,300 feet in elevation.

Frem-mile 1973 to mile 202 the walley is in Siluro-Devonian
limestone. Northward of this point, very soft, black to dark grey or
brown shale ocuterops at intervals into the walley of Liard River, where
the Rocky Mountoin province ends. The northern Rocky Mountains are flat-
topped or elevated ridges of limestone rising 6,000 feet or more above
sen-level, Their rather abrupt termination ot Liard River is probably
due to differential regiomal uplift, for the general formotiompl dip is.
south, not north os might have been expected. Some local east-west
faulting has been observed, and this was probably a phase of the differ-
ential uplift.

Lierd Valley, Trout River (Mile 210). to Smith River (Mile 230)

Westward from the crossing of Llard River, near the mouth of
Trout River, the Highway follows the northern bench of the Liard. This
consists of glacial silt and river deposits and supports an unusually’
heavy growth of northern timber. The abandoned gardens, formerly worked-
by the ill-fated trapper Tom Smith, are situated at mile 213, and the
hot springs., for which the region is famous, are situnted across a beaver
pond & few hundred yards to the northwest. This is, in faet, the so-
called "Tropicel Valley". The character of the springs will-be discussed
elsewhere in this report. They are in keeping with local evidence of
rock disturbences. East of the springs a prominent ridge of sondstone
and shale rises to an elevation of about 3,200 feet above sen-level. Other,
north-south ridges of shale occur westward to mile 221. No fossils were
found in eny of these outerops, but at mile 213, ncar the northern footing
of the ‘suspension bridge across Liord River, hard, black, interbedded
limestone has furnished fossils representative of Mississippian time. The
shales along this stretch of the Highway are thus correlative with those
of the Banff formation.

Westword to Smith River (mile 231) the roaed poasses the south
end of limestone ridges that extend for some distance northword. These
rise in pleces to 3,600 feet and carry reef corals of Middle Silurian
&ge. !

Black to rusty shale outcrops east of Smith River in o road cut
and similar shale occurs about 13 miles up the river at a 50-foot falls,
where it is downfaulted against grey limestonc.

Just west of Smith River & road branches north and continues
25 miles to Smith River emergency landing field. Four miles north of the
forks grey limestone is exposed in & road cut. Farther north the road
traverses bench lands of gravelly and sandy nature, generally lightly
forested with jack pine and white poplar. The plain has an average
elevation of about 2,200 to 2,300 feet and is typical of the area west
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of the northerly extending ranges that replace the mlgh’cy Rocky Mountains
of the south. These ranges are seen to the east as smooth, even-topped

ridges. . I

.. . ) e

Liard Valley, Smith River to Watson Lako S

Westward frqn Smith River, the Highway follows the Liord River
bench and is nowhere for from the stream. The country to the north is
gently rolling, and is in general well forested. The lond-is sandy,
but extensive gravel deposits underlie the sand. The country south of
Liord. River is similar t¢0 that on the north, but in general o.ppears more
dissected by streams.

. Four outcrops of limestons were observed along the Highway be-
tween Smith and Coal Rivers (mile 250); limestone also outorops on the
river at the conyon south of mile 249 and in the west bank of Coal River
above the bridge, These beds hove a general northwesterly strike and
the direction of dip varles so as to suggest o series of sharp anticlines
and synclines.

Cool River derives its name from the large masses of brown
lignite that drift onto the bars near its mouth. McConnell walked up-
the river for some distance without finding the source of. the coal. The
writer and J. DeLeen discovered the coal in situ north of the big bend
in the river and probably not more than 6 miles from the Highwey "as the
crow flies". By woter the dis*bance is much grea.ter. .

The lignite outerops across the river bed forming & rapid.
Fifteen feet of coal is exposed in the west bank, dipping to the south-
west at 25 degrees. The seam is covered by clay and gravel and the - °
foot-wall is not visible. A few hundred yards upstreom the seam is
actively on fire. Steam and foul-smelling gases are be:,ng given off,
ter is melted at the surface, sand and gravel are.ceving in, and trees
and bushes show all stages of destruction. The area on fire is Small
however, and is separated fron the main seam by a burnt out zone. " It
is cleer that there is here o Tertiary tesin of oonsidere.ble extent. -
Local reports lead to the belief that the coal ‘extends several m:Llea
upstream to a falls in the river. ' )

Below the big bend in Coal River, and about 2 mlles from the
Highway bridge, white clay rises in the west bank for 15 foet and extends
for 100 yards along the stream, and lower downstream is another outerop, -
100 yards long. The white clay evidently belongs in the same Tertiary
besin as the lignite.. \

} Westwerd from Coal River, grey-blue so.ndstone outerops along the
Liard ot mlle 261, and sheared shale in road cuts et mile 264 and frOm
mile 2673 to mile 268. Dips are generally high and strikes variable. '

p Grey.;lmes,,‘bone outerops from mile %?O to mile 271. . Shale ocut- - -
crops at mile 277 and fractured limestone a.t mile 280, Limy sandstone
outerops at mile and limestone at miles 285 and 2862, in hills south
and north of mile 288, and at miles 291 and 292. Outcrops of shale occur
at miles 305, 29?6 o.nd 309, .

Banded dark shale occurs near mile 316 and crushed. black shale
in numerous outcrops frdm mile 319 to mile 321..

About & mile up Dea se River, whioch enters the Liard half a mile
below Lower Post, dark shale occurs on the right benk of the river, and
black shale overlying chert conglamcrate forms a dangerous 2-mile rapids.
At the time visited, the smell peddle-wheel steamer Dease River, S.W. 1
lay & wreck on a rock in the middle of the rapids. The formation here
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Northward along the Highway boyond mile 342, and near the
British Columbia-Yukon boundary, black.and rusty shale outerops in
Liard River forming a canyon, and very soft weathering shole and inter-
bedded limestone outerop for about 800 yards along.the road. The dip
here is about 28 degrees toword the southwest. ‘

. Northward, the nghway is some distance east of the river and
traverses a rolling sandy terrain that is part of the river.walley.
At mile 350 a branch road turns north to Watson Iake Air Port.

Wetson Iake is about 5% miles long and 1% miles wide. Its
elevation is shown ds 2,230 feet above sea~-level, and.the Adjoining
plein rises about 10 to 15 feet above it. Only sand was noted in the
banks of the lake. ‘Low, wooded hills appear 10 to 12 miles to the
northeast. .

0ld Iand Forms

The QOmp081te skyllne of the Rocky Mountalns lS somewhat o
above 7,000 feet in the front ranges nesr Summit Iake and somewhat belaw
6,000 feet south of Liard River. Individual peaks and groups of peaks
rise above the general level, where. structure and rock hardness have
resisted erosion. Elsewhere greater initial uplift may have been a
oontrolling factor. Softer rock formptions heve been eroded into lower
nountain groups or into walleys. -

"' Extending outward from the mountains, especially toward the
east, remnants of a plains surface are preserved in numerous flat-topped .
hills., This surface is tangent to the upper rounded mountain bops of ,
the Rocky Mountains and dips away with decreasing slope approaching the ;
horizontal 50 miles from the mountains. The perfection of upland pre-
servetion is dependent upon relation to stream chennels, but more es-.,
pecially upon the structure and resistance of the underlylng rocks. Thus
at mile 98, 1% miles from the Rocky Mountain front, folded Trimssic sed-
imentary beds of little resistance to erosion form rounded hllls with an
elevation of about 5,400 feet. Near mile 94, similar formations rise to
5,000 feet. Thirty miles farther east the resistant conglomerates of
Steamboet, Table, and Teepes Mounteins rise to & maximum elevation.of
4,800 feet, with surface slopes represent;ng “he attitude of the beds.
From these upland surfaces, flat-topped hills are consplcuous to the
southeast and to some extent to the éast and northeast.

Westward from the front range of the Rocky Mountoins, the up-
land surface sags into the valleys of MacDomald Creek end Racing River,
where roundecd, forested mountains of little resistant, shaly rock have
preserved the former upland very imperfectly. The Rocky Mountnins south
of Liard River preserve occasional level tops, and the isolated mountain
ridges and hills north of the Liard indicete the general downwerd slope
of the upland in that direction. From & summit elewation of about 3,000
feet nenr’ Liard River, the uplands drop to about 2,000 feet farther to the
north. S

Well-defined benches are preserved on resistant sandstones -
on Steemboat Mountein and nearby hills at elevations of 400 to 500
feet below the upland surfaces. Such benches may be traced to the west-
ward where low flat-topped hills, or valley bottoms, now deeply en-
trenched, represent once widesprend and well-established lowlands.. These
lower surfaces are represented in the Rocky Mountains themselves north of
Summit Pass, where rocky terraces occur at an elevation.of about 5,000
feet. From the pass, the benches descend ta the west down the wvalley.of
MacDonald Cresk, where they lie only poorly preserved in the area of Devono-
Mississippien shely rocks., HNWorthward from Toad Valley are similar benches
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but with the generel northward decline of the upland surface and the
widespread effects of glaciation the lowland benches for the most part
lose thelr-identlty. S : e e -

The valley system of the region is deeply entrenched. below the
old land: surfaces. The pre-glaclal valleys were deeper: and probably ..
better graded than those of the present system, although the 1mmed1ata
pre-glacial uplift resulted ih rapid down-cutting and stream adjusbment.-
An excellent exnmple may be seen in the Tond River-Muncho Iake-Trout -
River systems. The upper, laked valley of Toad River is continnous :with,
the valley now followed northward from mile’ 159 to Liard River. Except
for a short tributary of the Tond, the valley is occupied by the Muncho
lake-Trout River drainage, and is wide 4nd of mature develogment. From
the bend of the Tond at mile 159, the river descends through o conyon of
youthful character for 10 miles to the east before entering the wide, .
mature valley of Recing River. The canyon was filled with +ill and ille:
sorted gravel, and is clearly pre-glacial, but it was evidently developed
during the period of maximum uplift and consequent drainage adjustment
immediately preceding Pleistooene time.

The Ice Age itself modzfied, rather than developed, the drainage
system., Widened valleys, scarpedsspurs,«hanglng valleys, oirque formation,
arr8tes, and other typical glacial forms resulted.

- vt o e e o ra it [T T e e

The continental 1ce-sheet extended into the Foothills valleys
almost to the mountain front, deamming back the mountain glaciers with their
loads of boulders, gravel, sand, and rock flour., The continental sheet
retreated first, for remmants of mountain glaciers_still.remain south-of -
the pass. At the olose of the Ice Age, the whole land was probably 600 to
700 feet lower than at present and the wvalleys were clogged with morainal
and glaclofluviatlle moterinl to that depth. With the passing of the icey
“the 1dnd gradually rose and re-excavation of valleys started. That process
is still continuing ropidly, but at.few places is the solid rock being
attacked by stream erosion, as glacial debris covers most.of. the-valley -
floors, "Mountain streams are cutting gorges, and falls occur where they
enter the main wvalleys. Gorges and rapids occur in rivers where new
channels have crossed rock spurs in old valleys, but. in general. post-
£laoial” er051on is closely controlled by the established pattern.

The unstable (youthful) condition of the present stream
system was amply demonstrated during the floods of 1943, to which
reference has been made., Besides mud slides, erosion of river bars and
river banks and widespread destruction -of road grades and culverts, rock
slides occurred such as are described belowe.
“Near mile 94, the pioneer road 1ocat10n crossed a small stream
valley some distence up the hillside, The road: grade descends in both
directions from the culvert. For 100 yards or more the stream bed is in
enguler slide rock from the hill to the north, but this is covered with
siA 11 timber. During the flood of July 10 the stream overflowed. its banks,
loosened a large quantity of coarse rocks and piled it up 6 feet high
across tho roadway, covering some 50 yards of roade. Blocks 2 fest across
were thus moved, A remarkablo feature of the slide is that the bnse of -~
the Tock pile is above the level of the stream end higher than the source -
of much of the material, - ' :

. PR

“Mountain Building and Crustal Movements

The structure of ‘the Northern Rocky Mounteins is similar to
that of the system farther south. Compression.from the west resulted in-
overturned folds and thrust faulting toward the east ‘along the mountain

.
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fronts - The time wos Iaramide, that is lste Cretaceous and, early
Tertiary. Lower Cretaceous formations were 1nt1mately folded.

" Post-Cretnceous uplift is recorded in minor fdlds in. Upper-
Cretaceous formations of the Foothills and in uplifted and tllted
pleteaus underlain by Upper Cretaceous beds. This uplift was followed
by ‘the development of a peneploin that matches similar plalns farther
souths By analogy, the uplift mey be assigned to Eocene time ond the
peneplanatlon to Miocene timo. . o

PR

Another uplift followed, probably early in Pllocene time, and.
broad lowlands and flaring valleys were developed 400 to 500 feet below
the peneplained surface, Late Pliocene uplift initiated. the .deep
dissection of pleins and mountains, which inoreased in tempo until the
ice cover grew to glacial proportions end the Ice Age had begune

DESCRIPTIONS OF FORMATIONS

Table of Formetions

Age ‘ Character . . %Thicknessn
-+, -Feet
Recent ' Sands, gravels i 100t
Pleistooene Till, gravel, and sand . - | up to 500
Tertiary - Clay, lignite .1 200t
Upper Cretaceous ' Conglamerate and sendstone % 600 +
Shulc and sandstone . E 1,500 +
Lower Cretaceous Siltstone, sandstone, and :
. lignitic shele i 500 +
A I
Triassic Black argillaceous limestones |
and sandstones . .1 2,000+
Pennsylvanian or Black chert ' ? 300 +
Permian :
Mississippian and Limestone and calcareous é 400 +
(2) Later sandstone :
Devonian and ‘ Black argillaceous limestonés,%
Mississippian dark shales and sandstones: : 2,500 &
Silurien and . Limestone and interbedded j
Devonian 4 sandstone . 4,000 t
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Age Character . Thickness. -
. . B R ' F}eet'-‘, N
cren L. PRPTOR b .‘
Pre-Middle Silurian Grey sandstone and red
(Cambrian?) ) Gonglomerate KR 5:QQQ-ﬁ' y
Precembrian | T Dolomite, slate, and -
S S quartzite, cut by o
basic dykes : 2,000%
Precambrian

The oldest formation traverséed includes the most highly
metamorphosed strata of the region, and is the only formatlon Jmown to
be cut by intrusive rocks., It is best developed along Toad River, but
is well exposed nlso along MecDoneld Creek, Whole mountain groups
. composed of these rocks are yet to be explored in the headwaters of
MecDonald Creek, up Toed River southwest of: the Highway, and probably
_west of Muncho Leke north of Gundahoo Pass.‘» o,

vv' Lo . 0
In the type'settion on Toed River, near the ﬁighmay cr0351ng,
highly folded, light-coloured quartzite ond pordsllandus argillite and
slety rocks rise 600 to 1,000 feet from the valley floor and are overlain
by nearly flat-lylng grey limostone containing reef corals of Middle

. S8ilurian age, The contact is everywhere marked by an enguler unconformity.

Mud-cracks and ripple-marks are well defined in the argillites, which are
generally limy and locally contoin small mud balls. The cleavage in the
limy beds is in most places parallel to the bedding. Some of the beds,
however, consist of bands of quartzite and grey slate, and in these the
cleavage is independent of the bedding planes. Colours vary from light
yellow or green to dark grey, and the formation generally weathers dark
brown.,

The rigples on the quartzite are well marked. At one locality
ripple-morks of & inch amplitude are overlain by current ripples 1% inches
in emplitude. The variability of the sediments and their mud-crecks and
ripple-marks indicate near-shore conditions in a seaway that was reoelv1ng
sedlments from & fluctuating source of supply.

About 300 yards southeast of the bridge over Raclng River an
1rregu1ar diabase dyke cuts light-coloured qpartzmte and porcellanous
argillite. The dyke averages about 15 feet in width and is apparently
vertical. The dyke rock is hackly fractured and is cut by quartz strlngers.

North: of Toad River and the Highway, between miles 156 and 1573,
f1ve-50-foot vertical dykes cut the quartzites and associated rocks and
extend upward to the top of the formation, or to an elevation about 1,000
feet above the valley., These dykes were studied in the field and examined
under, the microscope by J. DelLeen who reports as follows:

"Two thin sections were examined; they are from a dyke 50 feet
wide in fine-grained grey limestone. One section from the centre of the
dyke shows & maximum grain length of 1 millimetre. About 50 per cent of
the rock is plagicclese (AbéAn6) thet is now largely altered to carbonate,
About 30 per cent of the rock is hormblende that is partly converted: to
chlorite, and there is not over 2 per cent quartz, about half of-it inter-
grown with feldspar as micropegmetite, Disseminated grains of. ma gnetite
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end pyrrhotite, in about equal amounts, constitute nearly 15 per cent
of the rock. A few shreds of actinolite end flakes of biotite complete
the mineral assemblage., '

"Another section, frOm the edge of the dyke, shows the grain
size reduced to a maximum of 2 millimetre, and .is of-interest in that
augite is present in amount about equel to that of hornblende in the
first slide and hornblende is absent. The augite is in part converted
to pale green chlorite and, to 2 very minor extent, to biotite.
Plagioclase of the same composition as thet in the first slide is elmost
entirely replaced by carbomate, which also occurs in & few microscopic
. veinlets. Quartz, magnetite, and pyrrhotite are present in the same
amount as in the centre of the dyke and there are a few scatterod grains
of epidote,

"The rock is & fairly typical quartz gabbro, modorotely altered
to chlorite and carbonate. The interior portion shows the development
»f hornblende at expense of augite that leads some authorities to apply
the name hornblende gabbro or gabbrodiorite. In the field such dykes,
and particularly the finer grained phases, are generally termed diabase,
though the characterlstlc ophitic texture of true diabase is lacking in
this case."

The Precambrian quartz1tes are also well exposed 12 miles up
Ma.cDonald Creek, south of the rock-cut at nile 106%. Here vertical beds
of quartzite underlie disturbed Middle Silurian coral reef limestones.
The quartzites are jointed and sheeted, and are cut by & number of quarts
veins showing brown an. yellow stains., In a cirque on & mountain to the
east of the creek, rusty quartzite unconformably underlies nearly
horizontel Silurian limestone. The quartzite is slaty in part, is very
dark when fresh, but weathers rusty. A 300-foot section of quartzite is
here exposed. ' :

From the river flats large quartzite mountains moy be seen to
the south,

Cambrian (?)

In the west bank of Muncho Iake, about 3 miles north of its
head, Silurian coral-reef limestone is underlain by about 50 feet of limy
shale that is full of worm burrows. Underlying the shale to the north,
and with comperable strike and dip, are outcrops of grey sandstone in
beds 8 to 10 feet thick. Other sandstone outerops to the north indicate
& thickness of more than 2,000 feet of these beds. About 2% miles north
of the highest sandstone outcr0ps, coarse red conglomerate is exposed on
the shore, and from here northword it forms almost continuous eliffs and
hills along Muncho Iake and the west side of Trout River wvalley to mile
197,

Assuming the entire seotion to be sandstone from the base of
the limestone series to the top of the conglomerate as exposed on the
shore, and assuming ne great variation from observed dips, and no serious
faulting, the sandstone would have o thickness of nearly 5,000 feet.

The conglomerate near the top is massive and contains boulders
of pink quartzite up to 10 inches in diameter. Fifty yards north the
conglomerate consists of a fine red shale matrix with pebbles 6 inches and
less in diemeter. The great lineal extent of the conglomerate formation
to the north is suggestive of great thickness, as is also suggested by
the massive mounteins to the west of Trout River where a peak is mapped
with the elevation of 8,300 feet. Until this region is studied in some
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detail the thickness of the conglomerate formation canmot be safely
estimated.

For 10 miles south of Muncho lake, in streams entering the
lake from the east, and for 17 miles north of the lake along Trout
River, porcellanous shele, sandstons, and conglomerate are overlain by
coral reef limestone of Middle Silurian age. In many cases the out-
orops are too small to map. Near the limestone contact are shales
full of worm burrows, and south of Muncho lake some of the sandstones
are limy and contein fossils.

Near the contact, most of the cliastic rocks approximate the
limestone in structural relations, but lower beds are quarizitic, and
resemble the Precambrian sediments in metemorphism and complexity of
structure. Near Toad River there is much uncertainty as to the
identity of the beds, but farther north thsy appeer to belong to the
upper division of the Cembrian (?) series, as represented along the
west side of Muncho lake.

Along Trout River 7Valley ‘the limes®tones dip westerly for
several miles north of Muncho leke, and faulting along Trout River has
probably been responsible for their relationship with the Cembrien (2)
sediments, which rose as mountains west of the river. Such fault1ng
is known to have occurred commonly in the nearby mountains.

The age of this sandstone-conglomerate group is pre-Middle
Silurian, as wherever observed the upper seandstone member is overlain
by a few feet of worm-burrowed shales and their clousely associated
overlying coral reef limestone. What the actual age of these clastic
deposits is can only be conjectured from lithological comparisons.
Known Ordovician beds on Dease River consist of graptollte-bearlng
shales, but Keele (1910) found on Gravel River, in addition to grap-
tolite-bearing shales, 4,000 feet of argillites end dolomites, sur-
mounted by & 100-foot diabase sill and 1,500 feet of sandstone, all
of which he places in the Ordovician. To the east the sandstone in-
creases to a thickness of 4,500 feet, the prevailing colour being
reddish.

In his Middle or Lower Cembrien, Keele (1910, pages 37 and
38) inocludes 2,000 feet of conglomerate and 100 feet of cbarsely
laminated hematltlc and siliceous shale.

In the light of aveilable evidence the writer leans towards
the conclusion that the conglomerate and overlying sandstone of Muncho
lake and vicinity may be Cembrian. The group bears some similarity in
stratigraphic relation and lithology to the Cambrian beds of Gravel
River and of Franklin Mountains.

Silurian and Devonian

A thick series of grey limestones with essociated basal
shales and interbedded sandstones is exposed westverd from the front of
the Rocky Mountains. Along MacDomnld Creek south of “he Highway the
series rests upon the eroded surface of Precembrian sletes and quartzites,
and a similar contact relation occurs along Toad River. Along the east
side of Muncho lake-Trout River Valley, and on the west side of Muncho
Lake, es already described, the limestone series rests on light-coloured
Cambrian (?) sandstone.

The upper contact of the series is conformeble with overlying
shales of Upper Devonian age, belonging to the next series to be des-
eribed.

N
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The most complete sections studied ocour in the viecinity of
the Summit. Although both top and bottom of the section were observed,
the intervening structure has not been worked out and the thickness
can only be estimated. Also the boundary between Silurian and Devonian
members of the series has not been determined,

As seen on the west side of Munocho lake, about 50 feet of
limy shale marked with worm burrows forms the lowest member of the
limestone series and is directly overlain by typical coralereef limestons.
The ocxact contact between the shale and underlying sendstone was not
seen, but the strike and dip of the two varied, suggesting an unconformity,
as ocecurs elsewhere,

The lowest limestone member of the series appears to be
everywhere of coralercef origin, and this condition continues or is
repeated for hundreds of feet upwards, even above heavy sandstone members
of the formetion. The corals are typical of mide-Silurian seas. The
middle beds of the series consist of light grey limestone that appears
to be entirely unfossiliferous. The upper beds consist of grey limestone
inecluding coral reefs of Middle Devonian age.

Near the Summit, & composite section may be described as
follows. At MecDonald Creek blue limestone is interbedded with quartzite
beds up to 10 feet thick and overlies brown weathering, fineegrained
quartzite, A 50-foot coral reef occurs in the lower limestone and
contains highly silicified corals, among which may be recognized
Halysites catenulatus and Eridophyllum rugosum (%?). The bedding here
is vertical and the rocks are highly silicified.

To the eastwnrd, in the wall of a eirque, coralline limestone
unconformably overlies folded, brown weathering Precombrian quartzite.
The irregular bevelled contact may be seen clearly in the north wall of
the cirque. .

A thick limestone section may be studied in Mount St. Paul and
adjacent mountains to the west, The lower beds are generally folded and
overthrust, but the higher beds have gentle dips. Sandstone beds occur
at different elevations, They vary from a few feet to 70 feet in
thickness and grade into the limestone at top and bottom., In places the
contact is faulted, the sandstone being the more competent bed and
overriding the limestone. Middle Silurian corals occur above and below
the sandstone. The peak of Mount St Paul seemed unfossiliferous. The
meximum height of these mountains above Summit lake is about 2,600 feet,
giving & minimum thickness for the formation. Neither top nor bottom
of the section is seen at this locality.

The top of the limcstone section is well expoéed in the bed
of & small mountain creek that crosses the Highwey from the north neer
mile 109, or 6 miles west of the Summit.

About 200 to 300 feet below the top, the limestone is thine
bedded and mud=cracked into irregular polygons 9 to 18 inches on the
sides, The upper limestone is dark grey and includes coral reefs from
which the following fossils were obtained: Favosites basaltice Goldfuss(?)
and another colonial coral, Conocardium(?), Fcnestella(?), Bactrites(?),
Atrype cf. spinose Hell, Schuchertella(?), Proctus spe, and Conolichas(?).
This fauma, dependent as it is upon poorly preserved fossils, nevertheless
is varied in species and has Middle Devonian characterse In a general
way it suggests Middle Devonian faunas of Mackenzie River.

The limestone is overlain by & thick series of thinebedded,
black shales, carrying hard limy beds & few feet above the contact,
These shales appear to be conformable upon the limestone, but are
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thought to be Upper Devonisn in age as-describéd‘ﬁérbﬁ;

. Another fossiliferous horizon in dark grey 11mestone was B '}
found near & temporary bridge over Recing River (former mile 133; " the
present road crosses 2 miles lower down stream). The following Middle
Devonian fossils are recognized: Reticularis modeste (Hall), Meristella
sp., Schuchertella sp., Odontocephalus sp., and undetermlned corals,

The base of the Devonian limestone has not been determlned
end its thickness is not knowm.

Devonian and Mississippian

. A thick series of dark shales occurs over large areas ad301ning
the nghway west and north of the front rdnge of the Rocky Mourtains.
The basal beds outerop near mile 109, as déscribed dbove. A few inches
above the Middle Devonian coral reef limestone, thin beds are packed with
tiny fossils that correspond exactly with illustrations of Tentaculites
spiculus Hall as found in Chemung shales of New York and Pdinsylvenia s
Two Teet above the contact a poor spe01men of Meristella? was found.
Elsewhere soft 'black sheles are faulted against 8iluro-Devonian limestone,
or appear to lie above the limestone.. Down MecDonald Creek, along Raclng
River, end particularly in Liard River Velley, dark shales of variable.
herdness and black limy shale occupy lerge areas, and weather’ into valleys
or rounded, subdued hills, generally with a brownish cast. Some of the’
shale weathers into soft mudstone; some outorops are lemimated; some have
sandy and limy lenses; and still others are very hard and slaty., A few
poorly preserved fossils have been found along MecDonald Creek and in -
Liard Valley and these suggest a Mississippian age for the containing
beds. Uppor Devonian fossils were also found in basal shale bBeds near
mile 109. The general claracter of the series suggests & corrélation with
the Minnewanks and Banff formations of the southern Roeky. Mountains,. the v
Minnewanka limestone being Upper Devonian and the Banff shales Missis- '
sippien. .

Dark shales with conglomerate and sandstone beds end sandstone
lenses occur at the monuth of Dease River and above and below Lower Post.
on Liard River. No fossils have been found in these and their inclusion
in the Devono-Mississippian series is based upon their assumed p051t10n
above the Siluro-Devonian limestones and the generel similarity of the
shales to those of the eastern sections. On the other hand, Dawson found
Ordovician graptolites in dark shale about 12 miles up Dease River, and
it is possible that the shales from the vicinity of Irons Creek and west
are of pre-Devonian age. A critical aren extends 18 miles west of “Irons -
Creek. An. intensive search for foss1ls in the shales in this area might
provide the necessary evidence.

The best known basal beds of shale, as described above, overlie
Middle Devonian coral reef limestone. The contact is sharp and may be
disconformable, as & lapse in time is indicated by the fossils contalned
above and below the comtact. -

Other exposures of shale are described below, in the order of
their occurrence from-east to west.

" At the front of the mountains, about 500 yards east of mile 101,
black, fissile, "pencil" shale stands vertically against the eest
vertiecal 1limb of grey Silurian limestone. The shale weathers rusty yellow,
iron sulphete appearing on the surface. It shears in square "pencils" and -
plates. Eastward of mile 100, black shalc of varying character, including
hard sandstone beds, passes upward into fossiliferous Triassic sandstone
end limy shale, The age of the fissile shale in faulted relation with the
front limestones of the mounteins remains in doubt. It may be Devonian,
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as is the case in similar limestone-shale relatlonshlps farther west,
it may be Triassi¢, in which case it represents a part, probably a )
lower division, of the Triassic section succeeding it to the east. This
last conoclusion is the most likely from a structural point of view,
as a Devonian age would involve complicated faulted relatlons between
the "Devonlan" and Triassic shales.’ : L
Rounded wooded hills of .shale flank MacDonald Creekdvalley
from mile 110 to mile 125, The shale strikes about northwest by north,
ond this determines the direction of the valley. The structure is
principally thet of a syncline with limbs-dipping at angles from 35 to
50 degrees. 1In the northern part of the velley the structure is
anticlinal.

. In the south flank of MacDonald Creek Valley, betwecn miles
113 and 114, . ‘the shale weathers reddish brown to coaly black, and much
black iron sulphate occurs on the surface. Here the shale is crumpled
into a narrow syncline. |3 Lot

e At mile 116, herd, blaok; cherty rock is exposed in the road-
cut, and the mountain to the east is composed of limy sandstone and
shale. 1In these -the following foéssils were found and have been identified
. tentatively by.A.E Wilson of the Geological Survey: Productella sp.,
Martinia spe, Athyris sp., and Euomphalus sp. This assemblage indicates
2 probable Mlssis51pp1an age for the beds exposed.in the top of the
mountain, which is syncllnal in structure. :

" Slaty beds occur at mile 1203 and hard sandstone at miles 122
end 124, ;
Hills of reddish formations rise west of Racing River. In its
ea'stern bank, at mile lSOl- sandstone and shale outcrop in a road-cut.
" Productus sp. and Martinia? were collected there, representlng a .

MlSEiSSlpplan age for these rocks.

Beyond Middle Devonian limestone in the gorge of Reoing Riwver,
the Highway crosses alternately shale and dark limestone to mile 143.
The shale is very dark, is generally fissile and soft, -and represents
the lower division of the series. Although no fossils were found in it
the close relationships with the dark limestones suggests ‘e Devonian age.

, Shales are missing from the Highway to mlle 200. At mile 202

in the vﬁlley of Trout River hard black shale ocecurs in the roand-cut, At
mile 207; very soft hackly mudstoneswith soft sandy beds discoloured with
iron rust, occurs in a road~cut and in an island in Trout River. The
island sbems to represent a slumped segment, and the general condition of
the shele supggests preglaciah weatherrngo

North of mile 211, on the north side of Liard River, round-
topped hills rise to an elevation of about 3,200 feet, or 2,000 feet above
the rond. These are composed of brown weathering argllllte, sondstone,
and chert thrown into irregular folds., The argillite is sheared, so as
to weather into "pencils" and flekes, No fossils were found on this hill,

* On the north side of Liard River, just west of the suspension
bridge, very dark grey, calcareous argillite forms a buttress in the river
bank. 1In fresh blasted surfaces, the following fossils were found in a
very poor state of preservation: Productus sp., Cliothyridina of. lata
Shimer, cf. Retldﬂldrla pseudolineata Hell, Brachythyris? sp., Dielasma spe, O
Martinie sp., and an unidentif.oed gasteropod, 1his faune is Mississippion
in age, corresponding reather closely with the Banff shale of the Jasper
Park area, or the middle member of the Banff formotion of the Banff aresa,
as described by Warren, or the Banff formation of the Moose Mountein-Morley
areas as described by Beach., The correlatlon is with the Klnderhoqk fauns
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of Missouri development,
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T Argdllite of ‘Fimilar: character occurs in tilted positionm’
some 12 miles down Liard River at the hoad of the canyon at.Devils.
Portage.

West along the Highway to mile 221 o dark argillite hill
rises northeast of the road. The rock is hard and weathers rusty.-

ta

‘(‘i.

< E‘ A rounded argllllte hill occupies the angle between laard
" River and the ‘eresk frqm Flshlng Lakes. : .

Black, rusty weatherlng shale outerops in tﬁe road'just east
of Smith River, and similar shale is down-faulted &ga;nst massive .
limestone at the falls about 1% mlles up the river.

_ At mile 261 grey-blue sandstone occurs along the north bank
- of Li@rd Rlver. Fracﬁured and shedired shale 66éirs near mile 264 ‘and
mile. 268, ° ‘Shale also outcr0ps at mlle 277-.,a?“ .

. ot - '.. e

WESt and north¥$ _series pf limestone " rldges, shales occur
in road-cuts. ot mlles , and 309.° Sandstono beds occuri-in the
ld st outcr0p. At mile 316, soft banded shale occurs in & rodd-cut’and
black hackly shale occurs from mlle 320 to 321
e -
o ' - West of Hyland River no rock is exposed aIOng the nghw&y
,“below Lewer Postqa‘McConnell reports three outerops of shale, sandstone,
'cend: quar%21te 1n Llard River betweeh ‘these p01nts. T, s

e
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bank, and farther up, Two Mile Raplds are formed over black argllllte
resting on black chert conglqmerate. . .

Black shale outcr0ps in the canyOnfbf the Liard just south of
the British Columbia boundary, and limestone and soft.wenthered shale

........

‘ - No fossils were found in the shales and associated beds west

+ ‘of the Liard bridge and their age is, therefore, based upon lithology
".and ‘their’ relationship to the older limestone series. West of Hyland
River, hard sandstone beds and limestones appear in the shale. series,
“and- the SllufOJDevoni&n limestones do not appear.. Dewson found Ordovician
graptolltes in shdles about 12 miles soutliwest of Lower Post, suggesting
the possibility-that the western shales:moy underlie the Siluro-Devonian
“series. The shdles along the lower Dease and upper Liard Rivers, however,,
do not suggest graptolite shales to the writer, 'and their rother close
resemblance to the more easterly outcrops mokes it seem desirable to
_include them tentatively with the Devono-Mississippian series.

The thickness of this series is not known, but it is evidently
some 2,000 feet thick at the Liard crossing. Its widespread occurrence
suggests that it may be much thicker. "As pointed out, Upper Devonian
shales make up the base of the series, and Mississippian (Klnderhook)
arglllltes, sandstones, and limestones its higher members.

.

. Mississippian and (?) Iater .

Mississippian and, possibly, later Palasozoic shaly sandstones,
black shales, and grey limestones, 600 feet or more in thickness, occupy
& belt crossing. Tetsa River and the Alaska Highway between miles ‘90 and
94. The eastern half of the section has prevailing vertieal dips and the
contact of the series is clearly in faulted relation with Triassic beds
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to the east. Upward, these strate are overlein without apparent break
by Pennsylvenien (or Permian) chert beds. .

The best section of the "Mississippian" beds is exposed in
the valley of & small creek entering Tetsa River near mile 91%. Starting
et the bottom of the creek, the section consists of shaly, limy sandstone
sucoeeded upward by fine, argillaceous, limy sandstone containing
Productus. These beds effervesce freely with éold hydrochloric acid,
But weather into sandy surfaces. Similar beds, altermating with black
shale, continue stratlgraphzcally upward for 125 feet from the base of -~
the section, to black chert of the succeeding formetion. Near the top
are numerous spiriferoids. ' )

In the base of the section the following fossils were found:
Productus crawfordsvillensis Weller(?) and Spirifer floydensis Weller.
Wear the top of the seotion: Productus inflatus McChesney(?), Productus
burlingtonensis Hall, P. crawfordsvillensis Weller(?), P. magmis Week and
Worthen, P. jasperensis Warren, and Spirifer floydensis Weller, At the
top of the section and just below the chert beds the following were found:
Spirifer floydensis Weller(?) ond Syringothyris subcuspidata (Hall)(?).

One~helf mile east, near mile 91, highly crinoidal limestone
and hard sandstone stand vertically. The limestone contains the following
fossils: numerous crinoid columnnals, smll for the most part, but some
‘% inch in diameter; bryozoa, not identified; Productus burlingtonensis
Hell, P. crawfordvillensis Wéller, P+ magnus Meek and Worthen(?), Pe
inflatis MoChesncy, Chonetes chesterensis Weller(?), Dielasme sp., and
FEuomphalus utehensis ReIL(?). -

To the west, at mile 92, foss111ferous limestone and overlying
limy sandstone contein a wealth of fossil brachiopods and pelecypods and
some trilobites. A loose block of grey limestone is packed full of
fossils and the adjoining limy sandstones are replete with the same
fauna. The limestone block contains Spirifer close to S. rutherfordl
Warren, Martiniopsis sp. (superf101aII§'F€§Eﬁb11ng Brachythyris
suborbicularis (Hall)), Deltopecten sp., and Phillipsia sp. The adjoining
hiTlside is composed of about 100 feet of dark grey, limy sandstone,
which loses its lime cement through weathering and appears as a brown,
fine-grained sendstone. It contains Spirifer cf. rutherfordi Werren,
Martiniopsis sp., Deltopecten sp., and Euconispire taggarti (Meek).

There are probably about 200 feet of these beds exposea westward
along the hillside, where they rise in & smnll anticline and are overlain
by chert beds of the succeeding formation. -

Six hundred and fifty feet up the hillside above mile 94
Dielasmn sp. occurs in brown calcareous sandstone., This probably represents
some beds of the "Mississippian" series.

There are two distinct feunas in these "M15$1ssippian" strata,
the lower one characterized by varicus productids and the upper one by
spiriferoids. Neither of these faunas has much in common with faunas so
far described from the Banff, Moose Mountain, Jasper, Peace River, or
Liard River seotions. Warren has listed Productus jasperensis, Pe
burlingtonensis, Dielasma chouteauensis, and two species of Brechythyris
(but not suborbicularis) from the Banff shale at Jaspers

In comparison with the IllaniS sectlon, it is clear that both
faunas are dominantly Osage (Burlington and Kookuk) Chester affinities
are suggested by Chonetes chesterensis and Productus inflatus.
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The sp1r1f6r01d fauna is higher stratlgraphlcdlly. Ité"”::_l.ﬁé
correlation would be with the Rundle or younger limestones of more St

southern sectlons,\although “the~two faunas represent—d1££erent.facles,,~.,,
and have little in commohf A . : . !

Penn§ylvan1an or Permian - et ot e m———— e e e

The rocks assigned to this age consist of black chert beds
that weather grey or brown. They overlie the "Mississippian" series
in the vicinity of miles 91 aid”92% The contact is abrupt, but no T
structural discordance is evidgnt, thé. relatlonshlp being dlsconformable,~—

‘&‘-'! e, “;,

The upper contact of“the charb beds has not been seen. [Ea—
Triassic strate occur to the wéFt, at,mlle 93, toward which the chert
beds dip. The chert beds form a @rcmlnent hill to the north of the.
Highway exposures and appear to be 200 to SQO feet thick.

So far as seen, this formatlon cons1sts entirely of black,
hackly chert., Jointing has redused. the rook £6. angular masses that .-
break out and form roéugh talus sloPes. No ‘fossils have been found an
the cherts, ner do they appear likely: to’ contaln evidences of organ1c
remains, Llﬁhologlcally the chert beds: resemble the upper beds of the
Rocky Mountain’ quartzlte of the Jasper Park area, which Warren dated
as Pennsylvanian by analogy with the fossiliferous; beds of Banff. Warren
suggests an overlap at Jasper where the lower beds as represented at
Banff are m1331ng. The section.on the Alasks Highway appears to represent
& further overlap, as only the upper: ¢chert beds are present. .Cherty beds
occur in the Pemnsylvanian beds of the upper Pine River Valley .of the
Peace River area, but until more detailed studies of that section have
been made no definite.correlation can be attempted. Chert beds 150 feet
thitk, overlaein: cohformpHly by fossiliferous E‘rmlan ‘sandstone, are
exposed on Bé&ver-River dm southeastern Yukon® and may be correlative
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with the chert formation ‘on the Highway section.

Triessic

———

Black shales, calcareous argillites, ‘and calcareous sandstones
outerop-in road-cuts and mearby hills between miles 94 and 101. Chert
beds-ard hard sandstones are present in. places, but all the rocks are ..
high in lime, except in‘outecrops where the lime is largely dissolved out,
leaving grey or light-coloured, saccharoidal sendstone. The formation
is sharply folded and driftdand:forest.cover obscure the sections
Minimum thicknesgses are indicated, however, in the anticlinal-hills,
which contain fossils of about the same age from bottom to t0p. One of
these rises 1,600 feet above its base at mile 98. The broad section of
outerops of this formation suggests that the total thickness may be as
much as 3,000 feet.

The age of these rocks is based upon & number of fossil
collections made in the hills north of miles 93-94 and 97-98., A%
the former locality, and 650 feet avove the Highway, Dielasmas
were found. in brown, calcareous sandstone. They suggest that
Mississippian beds form the base of the hill, which is clearly faulted
and folded. At the top of the hill the Nethorstites fauns is represented
by Nathorstites mcconnelli Whiteaves, N. mecconnelli var, lentlcularls
Whiteaves, and Dielasma liardense Whiteaves, F. H. McLearn
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of the Geological Survey tentotively dates this founa as later Middle
Trisnssicl,

1 A1) Mesozoic fossils referred to in this report have been
identified by MoLearn.

North of miles 97 and 98 the following fossils were found in
a road-out; Daonells nitanse and Coenothyris of ., liardensis. About
1,100 feet Up The hill Myochoncha of ., cauriniensis, Coeno%l_gg_'is ef.
liardensis, Spiriferina of', onestae, Daonella 8p., and 0strea &p.
Wwere found. m of the hill, or some 550 feet higher, Eumor-
photis (7), Trigonodus, and Spiriferina were found.

Of the two lower lots of fossils MoLearn reports "Although
no specimen of Nathorstites or other determinate ammonoids are present,
(the) two 10t8 eseessesss 8S0em to be of the Nathorstites faunn, whieh
is tentatively dated late Middle Triassic". ~0f other lots collected
on the side of the hill he says, "(They) are probobly of the some
fauna, but the evidence is not so positive". Of the collection at the
top of the hill MecLearn reports "(This) looks unfamiliar and new. It
is possibly of Triassic age". :

 Faulting and folding have confused the structure of the hill
from which the above faunh was collected, but in general it appears
that the higher beds on the hill should be higher in the sectlon.

~ Grey, sandy shale, argillaceous limestones, etc., are exposed
along the Highwey botween miles 87% and 89% and are included with the
Trinssic beds. This section is aocross a sharp antiocline with axis
parallel to the general strike of the region. Five fossil collections
from these beds weére examined by McLearn, who recognizes Ostren sp.
and Spiriferina? and says, of four lots, "(They) contain mostly in=-
dete’r%m’Wecypods, but may be of Trimssic age. A f£ifth lot oon-
tains a few ammonoids and peleoypods including speecies of "Gymnotoceras',

"parapopanocceras", Monophyllites, Trigonodus, and Deonella, A Tontotive
dating of early Middle xl‘Jx'.*..e.ss:i.c is proposed." '

The addition of this 2-mile seobion to the 8-mile section of
Triassic rocks farther west suggests as impressive a column of Trilassic
rocks as that exposed along either Pease or Liard Rivers.

At mile 87 the Trinssic beds of the anticline (See map) are
in juxteposition with hard siltstone, presumably of Lower Cretaceous
age. The orumpled conditlon of these beds suggests overthrusting. On
the west side of the anticline, vertical dips prevail and another zone
of orushing evidently lies between Triassic and Mississippien beds,

In the western section, Middle Triassic beds appear to be
faulted against "Mississippian" beds in‘the hill north of mile 94, as
the chert beds are lacking. The wostern side of the Triassic section,’
near mile 101, rests vertically against the faulted surface of
Silurien limestones. Bebween mile 98 and the limestone front, blaok
shales, cherts, and sandstones are included with the Triassic strata
on lithologic and struoctural ground, as no fossils have been found in
them.

Lower Cretaceous

Bullhead Group (?). The oldest Cretaceous beds recogniged
elong the Aleske Highwny are exposed between-miles 85 and 874. These
beds consist of black, lignitic shale, hard siltstona, and sandstone.
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The beds are crushed, folded, and faulted. . On the west they'lle olose
. to the eastern side of & pronounced antloline in- adgoininglﬂiddle
Tra.o.ss:.c strata. The variability of strike and dip of %he two ng ,,,,,,
suggests o faulted contact at the front of the antizline, which is ::
“’closely.folded and faulted on its western’ limb. . The absence of Upper
- Trinssic and Jurassic-strate would also lend support to the occurrence
of such & fault were it not possible that.beds -of these ages may never

‘have been deposlted in this reglon.ﬁ . T

A

Farther east, near m:.le 77, slumping sandstone oocors ina’ *

road-cutb. .u'»:\

One poorly preserved Cordium sp. wa.s found near” mﬂ.e 86 in
dork grey sondstones Lighitic Beds measure os much os -47feot in. -»-i.
thickness, but no true coal was found. The proximity -of those ‘beds-Ho:
the Middle Irisssic rocks on the west suggests & low position for them
'in ‘the Cretaceous section. -Their relationships on the east are unknown,
but they oappear to assume the regule.r regional dip townrd the east, and

“the “broad valley of Mill Creek is suggestive of erosion’ of soft beds -
such as shales of the Fort St. John group. .The essumed age is 1ower
Lower Cretageous, or about the equivelent of the BuIlheé.d group of. ’she
Peaoe R:,ver area. ° : - :

e e e
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Fort S Joh.n Group. The wide pla:.ns aren extending 57 miJ,gas
westward Trom Fort Nolson is underlain by soft, ‘sandy,- dark brown or
black shale. Because of its softness it is rarely exposed along the
Highway. | e
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At mile 8 (R ‘Mélville Smith Construotion Campy o small stre&m
flows sou'bhwaard froma Hill that rises 200.%0 300 feet above the plain,.._
'The hil). consists of black, sandy shale, with small concretions in same
‘of the beds. A bore-heole,.drilled.for.waker, had-penetreted to o depth:
of 208 feet in this shale. The formption here is nearly horizontal. At
mile 27, black shele occurs in a road-cut, and sou‘bh bdf-mile 39 a large,:

¢

shele outerop occurs in Kledo River. . . . ifXiwRon

er e, "1\‘
. - B
..\ i N ‘ Sy PR

West of mile 50 the nghwo.y enters the Foothllls, there con=-
s1sting of horizontal dark shale. About 200 feet of ‘shilé&’is exposed
between mile 50 and mile 51 where it is overlain by san&si#one. The s}nle
is nodular, commonly rusty weathering, with sheared vertitcal surfaces, c o
str:.king south: 50 degrees west. At the forks-of Tetsa ond Muskiwo Rivers,
south of mile 52, exposures‘of dark shale show in the banks. Along the
old road, south of mile 54, a 500-foot section is in part exposed. This
consists of several ledges of thin-bedded, grey-blue sandstone weathering
buff, with covered intervals above and below strongly suggestive of shale
interbeds., At the top of the section sandstone occurs interbedded with
shale. ‘Worm Jburrows. are nunerous on some sla.bs, and again near mile 53
and mile 54 on the new location of the roand Posidonomys nahwisi var.
moberliensis end P. nehwisi var. goodrichensis were found, Just below .
these foss:.l:.ferous beds poorly preserved plant. remains-and“& 3-inch
coal seam occur in the sandstoné. McLearn correlates this part of the
section with the Goodrich formation of Pine River Valley.- At Commotion
Creek this ls classified as the second highest member of the Fort St.

John g;rou,p. Along the Highway south of Fort Nelson the shale is ap-
perently continuous with the Buclnnghorse formation of the some group
(Hoge, 1944). -

To the west, the se.ndstone beds. dip downward to' & syncline,
beyond which they rise gently into Teepes Mountain. 'This Somewhat
round-fopped hill -is situsteéd between miles 60 end 61 on the new road N
end mile 61 on the old locatidn.” The strike of the strata variés from
north to northwest, the dip being easterly at from 53 to 10 degrees.
Pepper and salt sandstone outerops along the road on.the south side .of il
the mountain, soft sandstone and shale beds continuing:upward. About. . .-

-~ PO : ‘ . -
o ] P o
. A S
. iy



~24-.

1,100 feet up pepper and salt sandstones-outerop on the north side and
continue upward, being more messive near the base.of cliff-forming, .
mossive, Upper Cretaceous conglomerate at 1,400 feet. This oonglomerate -
continués to the top of Teepes Mountain, at an elevation of about 4,500
feet or, 1,800 feet above the outerops on the Highway near mile 80% -

, A more eo:nplete sect:\.en occurs on the east flank of Steamboot
Mountain and the ridge to the south. This is west and northwest of
miles 63 and 64 on the old road location along Gardnor Creek. (At mile
64 old and new locations join.) The section appears to start in shale
in the creek bottom at an elevation of about 2,600 feet above sca-level.
Five hundred feet higher, concretionary shale outerops and o sandstone
ledge outorops at 600 feet. In talus below this ledge a fragment of
"Inoceramus" was found that resembles Posidonomye nahwisi var. good- ¥
richensis., Ledges of sandstone outcrop at elevations of 3,450 to 3,500
end &% 8,600 feet, with some 60 feet of intervening shale. Those beds
form & deoided oliff., The upper beds carry numerous worm casts. Ledges
of sandstone outcrop at 3,800, 4,000, and 4,300 feet. Firm nodular shale
oocurs between the upper beds of sandstonse. From about 4,300 fect coarse
sandstone rises as a cliff 50 feet high to the base of mnssive, Upper
Cretaceous conglomerate that forms an overhanging cliff on the east face
of Steamboat Mountain. This conglemerate, with interbedded sandstone and
lenses of sandstone, rises sheer for 500 feet. Massive upper beds over=-
hang as much as 50 .feet. Cones of huge conglomerate” bloeks piled ‘up. in
front of the oliff record the cliff recession.

Piécing together the sections, the strata appear to ccmprise at
least 500 feet of soft shale and sandstone overlein by cliff forming
sandestones and interbedded shales carrying Inocerami. Tho sandstone for-
mation is about 600 feet thick and is overlain by some 250 feet of shale,
which underlies the massive beds of: Upper Cretnceous oonglomerate and
sandstone. , ) Lol

The lower shales appear over so large an ares between Fort
Nelson and “the foothills that their thickness is probably much greater
than 500 feet, and mey be upwardas of twice that amOun‘b

The group as o whole may be correlated wi‘t:h the For'b St. John
group of Pine River, . the lower shales corresponding ‘to the Hosler for-
mation, the middle, fossiliferous sandstones with the’ Geodr:.ch ferma-

tion, and the upper shales wi‘ch the Cruiser formation. - " -
O >

"

-Upper Cretaceous

i ere

The upper. 550 to 600 feet of Steamboat Mountain is’ composed of
mossive sandstone and conglomerate. The basal beds are of hard, oream -
weathering sandstone, 50 feet thick, and the upper beds consist of '
massive conglomerate. The format:.on is cliff-forming,- as mey be seen
in the enst face of Steamboat Mountain. The upper massive conglomemte .
overhangs &s much as 50 feet and the prec:.pice is over 500 feet high

Other outorops of this formatlon occur ‘on the- top of Toepee
Mountain, east of Steamboat, and on Table Mountoin. In each case the
resistant conglomerate beds control the slope of the upland surface.

The conglomerote on Teepee Mountain includes pebbles up to
2 inches in diameter. These consist of black chert, bleached yellow
chert, white sugary quartzite, and opaque white quartz. One pebble of
coarse-grained granodiorite was seen. Upward in the formation sand-
stone occurs.

On Table Mountain, the heavy conglomerate series is 5560 feet
thick. The conglomerate rests .on soft clay shale interbedded with soft
sendstone, with & bed of conl 1 foot thick near the top. The slumping
and weathering of this soft formetion hes caused the recession of the

!
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plateaus, marked by the c¢liff fronts and the cones and piles of huge
conglomerate blocks: thet occur et intervals from Table to Stedinboat
Mountains. Gldeial moraines arc interlocked with theése boulder plles,
showing thot glaciel ice has played an important role in the removui N
of surplus débris‘and in'errenging what remeins.

On the top of Table Mountain, near the eastern face, one
huge cubic block of conglomerate appears o rest on one corner, forming
a lendmark visible from the Highway ncar Mill Creek.

The surfoce of Table Mountain conforms to the surface of the
conglomerate, which dips about 6 degrees north by east. The conglomerate
is cut into huge joint blocks, which, near the western precipice, have
opened wideély, leaving trenches 8 to 10 fect deep and 10 to 15 f’ee'b wide,

Other flat-topped hlllS to the north and northes.s-b appear to
be capped by the same conglomerate. .Tho complete thickness of the for-
mation is not represented at any locality visited, ond must have been
considorably more than 600 feet. , o

No direct evidence of the age of this formation has been
found. It is clearly continental or deltnic, but no plant or othed
fossils ‘were found. The coal bed just beneath its base records swampy
continentel conditions. By comparison ‘with the sections in Peace River
Valley, the formation may be correlated with the-Bunvegon sandstone
though it is much coarser and more massive than any Dunvegan known to
the writer.' It is, however, identical with the Upper Cretaceous, Fort
Nelson formation that outerops along Fort Nelson and Liord Rivers to
the northl.

-

! Kindle, E.D.: Geol. Surv., Cannda, Paper 44-16 (1944).

T

Tertiary’

: At Coal River, mlle 250, Alaska nghway, 1orge masses of ‘brown .
lignite and slabs of lignitized wood lie scattered over the river bers.
Thess were reported by McConnell, who failed to reach their source in the
time et his disposal, The outerop occurs north of the big bend in Ceal
River, and about 6 miles in & direct line from the Highwe.y. The distance
is much longer by the river. - .

The coal seam forms a rapid across the river, which-is over
200 'yards wide, and outerops for about 300 yards along the river bank.
In the west bank, 15 feet of lignite is well exposed, dlpping 6 degrees
to the northwest. The llgnite weathers brown; some of It is very '
friable and some is tough and woody, con’cainlng large, well—preserved
sections of logs. Ashy grey overclay shows in one place, but basal beds
were not seen. In general the conl is overlain by a thick mass of out-
wo.sh gravel. T - ’ '

Upstream, where the gravel cover has been removed by the river,
the coal is burning over an aren 150 yerds along the stream and for 50
yerds in width. ©Smoke and fumes are 1ssuing freely from the surface, and
trees and shrubs show all stages of death and destruction. Nodules of
clay have been. vitrlfied, and slumped overburden indicates subsurface
collapse. .
"Coal" is said to extend upstream as far as the "falls", but
what distance that is cen only be estimnted. Hills. could be seen
approaching the river, some 2 miles upstream from the cocal outerops.
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Downstream about 13 to 2 miles from the road, white clay
outdrops in the west bank ot the river at two localities. It extends
upward from the river to'a helght of about 15 feet and is overlain by
heavy gravel deposits. - The exposures are about 200 -yards apart and
are each about 100 yards léng. Evidently a considerable 'ares is.under-
lain by clay. y

" The relationshlp of the coal and clay dep051ts ‘has not been
determinsd, but they clearly belong to the same Tertiary basine This
is evidently several square miles in area, occupying Coael River Valley
from its mouth for 8 to 10 miles upstream. Its width may be estimated
as'from 2 t6 4 miless - , L .

The age of the coal and clay deposits is certainly :Tertiary,.
but to which division they belong is not known,

McConnell reported sandstone, clay, and lignite in the lower
valley of & stream entering Liard River fram the south about 7 miles
below Hyland River. This locality was not visited by the writer. . It
is probable that several basins of Tertiary age may occur in this
vieinity.

w

Glaocial end Outwash Deposits -

e

The Ice Age hes 1ef€ a legacy in the.form of striae, glacial
valleys, moralnes, till, erretics, and outwa sh gravel and sand.

Glacial strime were noted as follows: on the north slope of

Teepee Mountain (near mile 62 old road), direction south 35 degrees
-west; on the south side of Tetsa River, in the pass near mile 100, at
an elevation of about 4, 700, fine glacial strise on limestone, direction
north 8l degrees esast, in whieh direction thes striae die out; on the
southwest ridge of Mount St. Paul, elevation about 6,000 ‘feet, direction
of striae south 32 degrees west; and on calcareous argillite near north
pier of suspension bridge over Liard River, fine glaclal striae, direc-
tion south 62 degrees easte

The rock rims of the maln valleys are typlcaliy U~shaped.
Beautiful hanging valleys occur along Tetsa River and uppér MacDonald
Creek, and other tributary valleys have gorges and falls short
distances back from their mouths. Side moraines have demmed hanging
velleys along Tetsa River near mile 94, forming smell lakes.

A mountain cirque facing MacDonald Creek Valley, about 2 miles
south of mile 106, has a small moraine partly blocking its hanging .
entrance into the main valley. . The elevation of the moraine is about '
5,200 feet. Other perched northesouth moraines occur nearby.

Glacial till occurs at numerous places along the sides of
the velleys and up tributary chamnéls, but it is largely replaced or
masked by outwash gravels and sande North of mile 98 a moralnal knob
occurs at an elevation of more than 4,700 feet. :

Hoodoos carved from till occur in Summit Pass near-mile 104,
up & side stream enterlng Muncho Iake near mile 172, aleng ‘Trout River
near mile 193, and ‘elsewhere. Till cements sufficiently to weather out
into the picturesque boulder-capped columns known as “hoodoos", but
outwash gravel and sand lack sufficient cohesion,

Erratic boulders are of interest as they indicate the source
of gt least &2 part of the till and outwash materials.. Numerous red
granite and gneissic boulders, in part cut by aplite dykes, occur
along the Highway as far west as mile 95. The boulders here are fairly
numerous and range up to 18 inches in diameter. Their identity with
rocks from the Precambrian shield seems unquestioned. Tetsa Valley
here is relatively mArrow and is bounded by foothills rising to© nearly
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5,000 feet in height+ The vailey bottom has an elevation of about
3,300 feet and the distance from the Rocky Mountain front is only
5 miles. . Eastward, pink granite and gneissoid boulders are more
numeroué. On ‘Teepee Mountain (mile 64 oirca) they occur ahove am .
elevation of 4,000 feet. On the other Tand, boulders of . Sllurlan o
limestone, of Silurian or Devonian sandstone, and of the local Pre~
cambrian rocks indicate that the main drift was from the,west. Vhl-
ley glaciers account for the movement of rock debris from the moun-
tains to the plains areas, but the origin of grey granodiorlte boulders,
apparently of Coast Range type, is not known.

T

‘:,:'.s. Outwa.sh gravel forms terraces of note alcng the velleys of
the foothills and mountains.  These deposits include till on their.
flenks.and-in places at the base, but they,consist for the most part
of well-~rounded coarse gravel of local origin. Notable gravel terraces .
extend through Summit Pass (elevation 4,100 feet) to & height of about
4,700 feet. These terraces extend westward down MacDonald Creek to
Racing River and eastward far down Tétse River. The present streams
have .excavated their channels into these gravels, in places well down
to rock bottom,’ Elsewhere old channel bottoms may be several hundreds
of feet below’the!present channel, The Summit Laekes and Muncho Iake
aré’in datimed begments of valleys. - C , A
Similar terraces are well preserved along Trout River in’
the vicinity of miler197. Grayel extends from the river level, at an
elevation of about 2,250 feet, to an elevation of 2,400 feet., These
examples are:'typical:of the almost universal, presence .of terraces
elong the mountein valleys. Deep gleciated valleys were filled with
till and outwash gravel mostly of locel origin, end later, streams
“and:rivers formed ‘their present valleys and beds. .How unstable are
present- conditions was well:demonstrated during the floods of July 10 -
and August 2, when forested river bars were cut away, sand banks cut -
out, and river chammels. completely changed in a few hours tlme. Muskwa
Rlver near Fort Nelson is reported to have risen 30 feget in 30 hours. o

= Great sand plains, in part covered with shallow muskeg,
extend eastward from thé front of the Foothills, and Liard River Valley
consists of broad terraces of sand plains below which the river has
cut its present channels. ILong stretches of smooth water are flanked
by -sand and gravel banks, and the intervening canyons mark the super-
position of the present sti#team across spurs in the pre-glacjal valley.
West of Smith River, for more then 25 miles to the north, wide sand
plains extend to undetermined distances. The outwash sand and gravel
give some measure of the quentity of debris liberated by the retreating
ilce-sheet. :

ECONOMIC POSSIBILITIES

Mineral Deposits

According to Dawson, Messrs, Thibert and McCulloch dis-
covered gold mnear Fort Halkett in 1872. They also discovered gold in
the Cassiar and a rush followed. The total yield for the district up
to 1874 is reported as $1,000,000. 1In 1875 the yield was $830,000 and
in 1876 the amount fell to $499,830. Gold was found on bars in Liard
River as far down as 8 miles below the mouth of Coal River. As no

" separate record was kept of Liard River production, the wvalues taken
from the bars cannot be determined. Most of the gold obtained came
from Dease River and Cassiar disbtricts and recent prospecting along
the Liard has produced 11ttle.

The northern Rocky Mountalns, like their -more southern

counterparts, contain little in the way of mineral deposits. Purple
fluorite occurs in Silurian (?) limestone near mile 107 and near the

R PR
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. . . . Ll
south end of :Muncho Lake. Only small quantities were found. - . :

The Precambrian slates, qua.r'bzltes, ,etc., are cut by. massn.ve
dykes of basic type, and show some quartz stringers and veins. The
strata are gemerally rusty weathering, but mineralizetion is represented
on a very small scale. As this formation is dated as Precambrian, it
holds possibilitjes and deserves more attention, especially in ths upper
Toad River Valley and west of Muncho lake. Trails lead into both of
‘these areas. -

The Pernsylvanian (or Permian) chert beds may be correlative
with the Rocky Mountain quartzites of the more southern Roeky Mountains,
in which phosphate deposits occur., The chert may be examined at mile 92
on the Highway. It outerops in a narrow band, .but extends northward
into & hill of oonsiderable size.

Coal

~ Sandstones end bi‘h‘uminous shales, ola.ssed as. Lower Cre‘ca.ceous
in age, occur between miles 85 and 87, No ocal; has yet been found in
them, but they appear to represent 'bhe northern extension of the Bull-
head group of Peace River in which valuable deposits of high-grade coal
heve been found.

A 3-inch ocal seam was seen in later Lcwer Cretaceous (Fort
St. John) shale ncar mile 53, and a l-foot seam of coal was found near
the top of this group just beneath the Upper Cre‘caoeous beds on Table
Mountein. - . .

s

; An occurrence of brown lignite on Coal River has been deseribed
above. Messes of drift lignite, collected from .the .river bars, were
used in heatlng the nearby army camp. A sample. of this lignite was
analysed by the Bureau of Mines, Department of Mines ‘and Resoureces, - . -
Ottawa. The results are as follows:

is Received . Dry -
Moisture R 15.4 o
Ash A ';_ ' B
Volatile matter % 45.6 53.9 '
Fixed carbon % 32 .6 28 o7
Sulphur % 043 043
B.T.U. per 1b. gross 8,970 10,600
Non-8 gglomerating -
Sof tening temperature of ash . 2490°F . :,..'4;

Fuel retio 0.72

The amount of coal aocessible cannot be determined without
extensive field work and drilling. At least 15 feet of lignite, such as
represented by the analysis, outerops for some 600 yards along the river
bank and for the width of the river flats, or about 300 yards. The
extent of the basin is about 10 miles by 2 to 3 miles. The direot dis- -
tance from the Highwey is estimated at ebout 6 miles, and road building
elong the west side of the stream would involve terracing along high
gravel banks for & pert of the distence. A winter read along the frogzen
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Natural Ges

The .similarity of the geologicael formations within the Foot- .
hills end Plains to those in areas farther south suggests the occurrence
of matural gas and petroleum., ‘Natural gas was found in the formations
of the Fort Nelson area in drilling a well for water at the Muskwa air-
field. The well is reported to have encountered a flow of 150,000 .
cubic feet of gas per day from sandy shale at a -depth of 1,000 to 1, 01z ..
feet. The gas proved on test to be 98.4 per cent methane.

The presence Qf large vqlgmes of gas in more definite structures
to the west seems most probable, .- o

. Petroleum

The pos31bllity of flndlng petroleum in ‘the area of refereneer:
depends upon the presence of suitable formations. Frorm a review of the
above descrlptlons, it is evident that the Mississippian formations in=
clude argillaceous and arenaceous limestones of a type commonly petrol-
iferous. Overlying chert beds of Pennsylvanian age are suiteble as cover
rocks. The thick Triassic arenaceous limestones also suggest’ par081ty
and ,similarity to petroliferous beds drilled in the Guerdian weil'near '
Pouce Coupé. The Cretaceous beds show lignitic or codly characters, and
promwseﬁmore “in gas than:oil content. Gas is already Imown to be present,
but i%s’ hrgb.methane con%ent gives small promise of association with
petroleun.

Sqme structural features are worthy of mote. For 50 miles west
of Fort Nelson the, structuge of+§hrﬁpl ins, gkgging from outecrops, is
nearly nérizontal. “Gentle. domes mlght be detenmlned by the.seismogreph.
Wegt. of mile 51, southwesterly dips of 5 to %— degrees extend to a .syncline
at the base of Teepee Mountain. Teepee, Steamboat and Table Mountains
exhibit northeasterly dips of about 10 degrees. To the west outcrops are
lacking in.the broad wvalley of Mill Creek and for 10.miles beyond. There
is a possibility that this .valley may be anticlinal. EHigh angles, crushing,
and faults occur between miles 85 and 87, but the main character is.axnbi-
elinal. Thus far Cretaceous méasures are invoived, bui to the west Triassic
strata rise in a pronounced anticline. Its fromt is crushed apgeinst Lower
Cretaceous sandstones.. The anticline takes the physiographic expression of
a seml-oylindrlcal hill extending southeasterly, W1th axis parallel to the
mountain front. The width of the fold is about l miles and its.western
flank consists of vertical beds. Strate farther west consist of ecrushed
argillites presumably of Mississippien age. At mile -9 wvertical-kimestones
and sandstones of Mississippian age occur. These and other ouborops re-
present a highly disturbed zone of Mississippien and Pemnsylvanian-beds
that are succeeded westerly by a thick series of folded end erushed Triassic
formations. These continue westward to the front of the mountains, where a
high-angled fault separates Siluro-Devonian and Triassic sbtrata.

Fran the standpoint of petroleum productioa, the more highly
disturbed structures heve -litile promise. Thus the pronounced enticline..
between miles 87 and 89 is faulted against Palaeozoic strata on the west,
end is also faulted on the east, .Structures farther wost are generally
badly crushed and faulted. ) ’ S

The structures east of the Triassic anticline (mile 87 and east=-
ward to.mile 85) are also considerably faulted., and for some distance beyond
mile 85 mo ouberops occur near the road. There is a possibility that the
crushed anticline in Lower Cretaceous sandstones between mile 87 and mile 85
‘may heve merit. The pressure from the anticline on the west may have con-
centrated hydrocarbons in the beds immediately to the east, and in that case
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some crushing and faulting might not be altogether inimiecal to oil
accumulation. More work along the river bed near this locality and’in’
the hills north and south might shed more light on the problem.

The wider, gentler structures near Steamboat Mountain deserve
consideration and further work. Should a westerly closure be found
west of Mill Creek, its valley offers promise. The dips are westerly
between miles 51 and 60 on the old road and miles 51 and 54 on the new
road, and mile 51 is evidently at the crest of a gentle anticline as
the ocovered area to the east is apparently underlain by strata con-
forming to the regiomal dip, thet is, easterly.

Drilling depths from horizons in the Cretaceous formetions
to the Triassic cannot be estimated with eny degree of accuracy. From
the Lower Cretaceous beds, in the wvicinity of miles 85 to 87, the
shallowest drilling is to be expected. As the Triassic is upthrust
immediately to the west, it seems likely that 2,000 to 3,000 feet should
be a maximum of Lower Cretaceous cover. Petroleum might here be found
in the Cretaceous strata themselves, being driven into them from the
edjoining Triassic beds to the west, in case these beds are petroliferous.

The mein hope for petroleum production lies in the thick
assemblage of marine, calecareous, argillaceous, and arenaceous-beds of
upper Palaeozoic and Triassic ages, and in their frontal relationship to
the Rocky Mountains. A variety of structures is available, but a test
location should be made only after careful field investigation,

Clay o R
_ ‘Fifteen feet of greyish white clay outcrops below a gravel
cover in the west bank of Coal River, from 12 to 2 miles above the
Highway. In all probability the ereca underlain is of considersble
extent, as each clay outerop is about 100 yards in length and the two
outcrops are about 200 yards apart., The Tertiary basin is part of that
in which the lignite occurs. '

A Z2-pound semple of the clay was submitted to the Bureau of
Mines, Department of Mines and Resources, Ottawa and the follow1ng
report was received:- ‘ .

Nature of material - a buff-coloured, smooth clay that was found-
to be non-calcareous by the dilute hydrochloric acld test,

Water required to temper to stiff plastic state - 27 per cent.
_ Working properties - plastic, works well.

Dr&ing behaviour - satisfactory.

Average drying sh?inkage - 6 per cent.

Firing Behaviour

Fire C
Cone Shrinke ge Absorption Colour Remarks
% % S
2(2075°F.) 6.7 . 4.0 Cream Very hard
12(2390°F.) 5.4 0.0 . Grey Vitrified

(overfired and
bloated)
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Softening p01nt (Pyrqmetrlc Cone Bquivalent) < 17

.......

Approximate temperature - 26§9?F.

Economic Considerations. 'From ‘the limited amount of testing
that could be cerried out on the size of sample submitted, this clay is
oonsidered as having good possibilities for the production of such
ceramic products as: sewer-pipe, pottery, stoneware jugs, bowls, etc.,
acid-proof brick, buff-coloured face brick, and other products for which
8 stoneware clay is required. 1Its refractoriness is too low for it to
be of any value as a fireclay. '

The close .proximity of clay and fuel in the form of lignite
is to be noted in making an appraisel of the possibilities of either of '
these materials.,

Mineral Springs’

Mineral springs are known at various lé¢alities in the ares
covered. Werm springs occur on the west bank of Toad River, a short -
distance above its junction with Recing River. These are reported as
being relatively small end tepid. Werm sprlngs aré also repaorted on *
the north bank of Liard River about 2 miles below the mouth of Coal
River. These appear to be small and of second-réte importence.

The best known springs are thosé located about & mile north-
west from the north end of the. Liard suspension bridge. Here, north of
a large beaver pond on the wost flank of a hill, several springs occur.
The upper ones are quite co0ol, bubt have built up small basins and
terraces of calcareous tufa. Just below these, a very hot spring issues
from the ground. Alongside it the 1ll-fated Tom Smith built his cebin,
and 1lived with His déughtér Jins. The old cabin was torn down by
United States Army: engineers and ‘two freme buildings were constructed,
for & dressing room. The water in this spring is said to have & temp-
erature of about 121°F, - To the north, and approached by a steep path,
is a large open pool about 100 yards by 50 yards in dimensions. A tufe
dam on its northwest side rises.60 feet from a beautiful valley. This
pool has a soft mud bottom from which sulphur water bubbles. The
bemperature is reported as 110°F. Rough plank benches have been con-
structed alongside, and plank floats have been extended into the water
for bathers. This pool is greatly appreciated by truck drivers and in
fact by.all'who work along this part of the Highway.

Gallon samples were collected from each of the hot springs
and eare reported on by the Department of Mines, Victoria, B.C., as
follows:

Submitterts Mark - : . cy . Iaboratory Report
Lower Hot |, -~ . ‘4 Cao 29 2 milligrams per 100 c, c. of sample
Spring No. 1 Sro 1,3 )

Temp, 125° MgO0 6.8 "
Mi. 215~Alcan ... NegO 3.3 n
rd.- 2 mile . . SlOz 5,7 M
north of

Highwey Cl 2.3 "
from Tropical. - COp 2.6 n
Vallsy . .. . 80z 50.5 n

D

Traces of: B,Mn,Pb, Fe, Al, Cu, Ag, Ni, Cr,Ba,Ti,K

Total solids on lOO c.c. sample drled at
103 Couoon.o 119.5 mllligrams



~32-

Total solids on 100 c.c,. sa.mple dried at
180%.seeeses 115.6 milligrems” - . i

B To*bal solids on 100 c.c. sa'mple'-'igni’ced' at -
. 400 C.uocoo- lOO 9 milllgr&ms

Probable co:nb:.natlon of ma;]or constituents. i

Cal80, 62.9 m:.lli%rams pver 100 cec. sample - . '

CaCl, 5.9
Sr80, 2.3 "
MgSO, 18.8 " )
Submitter's Mark = ° g . Laborat‘ory Report
Upper Hot a0 25.9 m:.lllgrams per 100 c.c. sample
Spring No. 2 Sr0 1.3 7. .
Temp. 90° - . Mg0 6.5 T "~ —r
Mi 213 on . . ' Na,0 2.9 "
Aleen - . . 810, 6.5 - "
% mi north R
of read , . 7 Cl 18- A
from Tropical €0 2,3 0 oM
Valley S0z~ 4446 "

‘ ‘Traces of: B Mn,Pb,Fe Al, Cu,Ag,Ni Cr,Ba Ti,K

o Total solids on 100 ¢.c. sample dried at
© 0 103% .. eees 105.5. milligrams

‘Tot%l solids on 100 c.c, sample dried a.t
180 c seeaos 101 -4 mllligr&ma

. Total solxds on 100 c.c. sample. igni.ted at"'“
e 40000 eeess 92.0 mllli.g!‘&ms i

: Probable oqmbination of maJor constituents:

3

- - ¢ CaS04 55,8 ma.lligrams per 100 cioe sample"

CaCoO 3 5. .2 ‘ .
srs0, 2.3 . " :
MgSO, * 16.2 - " : L
‘ Signed vee Ge Cave;BrmNne:Cave,
Ve Chief Anelyst and Assayer
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